Aim: To determine and compare the phytochemical composition and antioxidant activities of methanolic extracts of Jackfruit roots, leaves and bark, found in selected regions of Kenya and Uganda. Study Design: A total of 192 samples of leaves, roots and barks, were obtained from 64 different Ojwang et al.; JABB, 16(1): 1-13, 2017; Article no.JABB.37355 2 Jackfruit trees. The samples were then dried and extracted using methanol. Place and Duration of Study: The study was carried out at The University of Nairobi, Chiromo campus, Department of Biochemistry in Nairobi, Kenya. The research was carried out from May 2016 to June 2017. Methodology: The composition of phenolic and tannin contents were determined using FolinCiocalteu method. Flavonoids content was determined through the formation of the flavonoidsaluminium complex assay. Antioxidant activity was determined through the DPPH scavenging activity and the reducing power of the extracts. Results: The phytochemical composition had significant variation at (P=.05) in all the different parts of the plant. The roots had the highest phenolic content (67.37-59.00 mg/g), while the bark region had the least (38.14 -28.34 mg/g). The flavonoid content was also highest in the roots (10.74 -7.31 mg/g) and lowest in the bark region (3.09 -1.49 mg/g). The tannin contents were equally higher in the roots (3.88 -2.69 mg/g), and lowest in bark (0.93 -0.52 mg/g). The DPPH scavenging activity was also highest in the roots (66 -72%), while that of the bark was (24 -40%). The reducing power of the roots, leaves and bark ranged from (114.38 -93.62 µg/ml), (71.63 -67.04 µg/ml) and (54.16 -33.15 µg/ml) respectively. Conclusion: The findings suggest that Jackfruit roots, leaves and bark are natural antioxidants and they have significant variation in composition of phytochemical compounds.
INTRODUCTION
The search for natural antioxidants derived from plants, has been on the increase in the recent past [1, 2, 3, 4] . Antioxidants have been found to minimise the negative effects of free radicles in the body. Free radicals are usually produced, as by-products of the cells' metabolic activities [2] . These radicals cause oxidative stress, when there is a major imbalance between them and the antioxidants defence system. This results in damage of DNA, proteins and lipids through oxidative stress [3] . Chronic diseases such as heart diseases, diabetes mellitus, cancer and neurodegenerative diseases, are also mediated by mechanisms that involve the action of free radicals [5] . These diseases are among the major causes of death worldwide [6] .
Phytochemicals have antioxidant properties and can be used both in the prevention and treatment of these illnesses [5] . They have hydroxyl groups that are good hydrogen donors, which react with reactive oxygen species, to prevent the formation of new radicals. They can also chelate or reduce metals that are involved in production of free radicals [7] . Plants such as Jackfruit, have been found to have relatively high phytochemical composition and antioxidant activities [4] . Jackfruit (Artocarpus heterophylus) is a mediumsized tree that is evergreen and has a height that ranges from 8 to 25 m. The diameter of the stem is 30 to 80 cm and the tree has a dense shade [8] . It is considered the largest fruit in the world with weight of up to 50 kg [5] . Jackfruit has been listed as an underutilised plant and is usually considered to be for people from lower social class in Asia, where it is dominant [9, 10, 11] . Parts of the tree such as the roots, bark and leaves have been found to have a number of medicinal properties [12, 13] .
Studies have shown that Jackfruit seeds and pulp have relatively high content of phytochemical compounds and antioxidant activities [4, 5] . Studies by Sirisha et al. [6] , Shanmugapriya et al. [4] and Gupta et al. [14] showed that Jackfruit seeds contains important phytochemicals such as phenolic compounds, flavonoids, tannins and saponins. The studies also found that Jackfruit has high antioxidant activities, which include: high DPPH and ABTS scavenging activity. They were also found to have high iron reducing power and chelating activities [14] . Abu Bakar et al. [5] revealed that the fruit peel of some Artocarpus species had significantly higher phytochemical composition and antioxidant activities such as DPPH and ABTS scavenging activity and reducing power, compared to pulp and seeds. Goswami et al. [15] suggested that Jackfruits' pulp region phytochemical composition, varied depending on the pulp and the region where it is planted.
Previous research on Jackfruit phytochemical properties have mostly focussed on the pulp and the seeds [4, 5, 14, 15] . Studies from other plants, have shown that the roots, leaves and barks also contain a high quantity of phytochemicals and antioxidant properties [16, 17] . The leaves of Himalayan Cobra Lily (Arisaema jacquemontii) was found have significantly higher antioxidant activities, compared to the fruit and tubers [17] . Medicinal plants Hymenocardia lyrata, Garcinia lucida and Acalypha racemosa were also found to have high antioxidant activities in their roots [16] . Azadirachta indica roots, were found have significantly high levels of phenolic content and antioxidant activities [18] .
Despite the fact that numerous studies on other plants have shown higher levels of phytochemicals in roots, bark and leaves, compared to the edible region [17] , there is limited information with regards to phytochemical composition of these tissues in Jackfruits. Furthermore, there has been no attempt made so far, to determine the phytochemical composition of the various tissues of Jackfruits found in Kenya and Uganda. A knowledge of the phytochemical composition of the different tissues, will help in providing more alternatives of natural antioxidants.
This study sought to determine, the phytochemical composition and antioxidant activities of Jackfruit roots, leaves and bark found in selected regions of Kenya and Uganda. The knowledge of the phytochemical composition, will facilitate in the identification of the part of Jackfruit tree that is most suitable for harvesting of phytochemical compounds. The study will also encourage the cultivation and use of the plant in Kenya, where it is underutilised [9] .
METHODOLOGY

Sample Preparation and Extraction
A total of 192 samples of roots, leaves and barks from 64 Jackfruit trees, were collected from Mombasa and Kwale Counties of Kenya and Kampala, Wakiso, Mukono and Jinja districts in Uganda. The samples were cleaned thoroughly with water and air dried for three weeks under a shade. About 10 g of each sample, was cut into small pieces and further crushed using a grinder to fine particles. A volume of 100 ml methanol was then added to the samples in conical flasks, plugged with cotton wool and left to stand for 24 hours. The supernatants were then collected and the solvents evaporated to make the crude extract that was then stored at 4°C until use.
Phytochemical Composition
Determination of total phenolic compounds
The concentration of phenolic compounds in the plant extracts, was determined using spectrophotometric method following protocol by [19] and [20] , with a few modifications. FolinCiocalteu assay method was used for the determination of the total phenol content. The reaction mixture consisted of 1 ml of extract and 9 ml of distilled water in a volumetric flask (25 ml) . One millilitre of Folin-Ciocalteu phenol reagent was added and the mixture shaken well. After 5 minutes, 10 ml of 7% Sodium carbonate (Na 2 CO 3 ) solution was added to the mixture. The volume was then made up to 25 ml with distilled water. A set of standard solutions of Gallic acid (20, 40, 40, 60 , 80 and 100 μg/ml) were also prepared. The mixture and the standards, were then incubated for 90 min at room temperature before taking their absorbance readings against the reagent blank (methanol) at 765 nm with an Ultraviolet (UV) / visible spectrophotometer (UV mini 1240, Shimadzu, Japan). Total phenolic content was expressed as mg of GAE/g of extract using the equation (i) below.
C = z mg GAE/ml x vol. of chemical used in assay (ml) (i)
Mass of sample (mg) Where: z = concentration value obtained from the calibration curve GAE = Gallic acid equivalent,
Determination of total flavonoids
The method is based on the formation of the flavonoids -aluminium complex [21] . The complex has a maximum absorption at a wavelength 415 nm. An aliquot (100 µl) of the plant extract in methanol (10 mg/ml) was mixed with 100 µl of 20% aluminium trichloride in methanol and a drop of acetic acid and then diluted with methanol to 5 ml. The absorption at 415 nm was then read after 40 minutes against a blank. Blanks were prepared from 100 µl of plant extracts and a drop of acetic acid and then diluted to 5 ml with methanol. The absorption of standard rutin solution (0.5 mg/ml) in methanol at different concentrations was then measured under the same conditions. All determinations were carried out in triplicate.
Determination of total tannins
The tannins were determined by Folin -Ciocalteu method. About 0.1 ml of the sample extract was added to a 10 ml volumetric flask containing 7.5 ml of distilled water and 0.5 ml of FolinCiocalteuphenol reagent. A volume of 1 ml of 35% Na 2 CO 3 solution was then added to the volumetric flask and the mixture was diluted to 10 ml with distilled water. The mixture was shaken well and kept at room temperature for 30 min. Sets of reference standard solutions of Gallic acid (20, 40, 60 , 80 and 100 μg/ml) were also prepared. Absorbance for test and standard solutions were then measured against the blank, which was the reagent solution (methanol) at 725 nm, in a UV/Visible spectrophotometer. The tannins content were expressed in terms of mg of GAE /g of extract [19, 20] .
Determination of Antioxidant Activity
1, 1-Diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity
The principle behind DPPH free radical assay holds that the antioxidants react with the stable DPPH radical and convert it into 1, 1-diphenyl-2-picryl hydrazine. Scavenging activity on DPPH was carried out using the method by [22] with a few modifications. A volume of 300 µl extracts (0.1-0.5 mg/ml) was mixed with 3 ml of methanolic solution of 0.1 mM DPPH. The mixture was shaken and incubated at room temperature for 30 min and absorbance was then measured at 517 nm in a spectrophotometer. Ascorbic acid was used as the standard, methanol and DPPH reagent were used as control and methanol was used as blank. The experiment was performed in triplicate and the percent inhibition was calculated from control using the equation (ii) below.
Scavenging activity (%) = (Control absorbance -Absorbance of sample) x 100
(ii) Control absorbance
Reducing power assay
The protocol by Hossain et al. [18] , was used to determine the reducing power of extracts of Jackfruit roots, leaves and barks with a few modifications. One ml of methanolic extract was mixed with 2.5 ml of 0.2 M phosphate buffer (pH 6.6) and 2.5 ml of potassium ferricyanide [K 3 Fe(CN)6] (1% w/v). The mixture was incubated for 20 minutes at 50°C after which, the reaction was terminated by addition of 2.5 ml of trichloroacetic acid (10%, w/v). The mixture was then centrifuged for 10 minutes at 1077 g and 2.5 ml of the supernatant was then mixed with 2.5 ml of distilled water and 0.5 ml ferric chloride (0.1% w/v) solution. The absorbance was measured at 700 nm and an increase in absorbance indicated an increase in reducing power. Ascorbic acid was used as the standard and distilled water was used as blank
Statistical Analysis
The data analysis was carried out using Microsoft Excel 2013 data analysis tool and SPPS 16 statistical software. The mean values were calculated based on data collected from three independent experiments for all samples from the different regions. The means and standard deviations were then calculated per region. The data obtained was analysed using one-way analysis of variance (ANOVA). A correlation matrix was also generated to determine the relationship between phenolic, flavonoid, tannins, DPPH and reducing power.
RESULTS
Calibration Curves
The absorbance readings of different concentrations of the standards (Gallic acid and rutin) were used to construct calibration curves. The graphs obtained for the determination of total phenolic compounds, flavonoids and tannins contents had R 2 values of 0.9971, 0.9965 and 0.9985 as shown in Table 1 . The values obtained from the calibration curves were used to quantify phenolic compounds, flavonoids and tannins content present in the Jackfruit leaves, roots and bark. The composition was expressed as mg of Gallic acid equivalents per g of dry weight for phenolic compounds and tannins. The flavonoid content was expressed as mg of Rutin equivalents per g of dry weight. The equations and R 2 values of the calibration curves were as shown in Table 1 .
Phenolic Composition of Jackfruit leaves, Roots and Barks from different Regions
The phenolic content of leaves, barks and roots were as shown in Fig. 1 . Generally the roots had the highest phenolic content (67.37-59.00 mg/g), followed by leaves (37.39-30.92 mg/g) and then barks (30.88 -16.30 mg/g). The Kwale and Jinja regions recorded the highest phenolic content, while Kampala had the least as shown in Fig. 1 .
There was a significant variation at (P =.05) in levels of flavonoids in the roots, bark and leaves. There was however no significant variation at (P =.05) in phenolic content across the different regions. The P values are as shown in Table 2 . 
Flavonoid Composition of Jackfruit Leaves, Roots and Barks from Different Regions
The flavonoid composition of the different tissues were as shown in Fig. 2 . There was significant difference (P =.05) in flavonoid content of the leaves, roots and bark. Flavonoids content was highest in the roots (10.74 -7.31 mg/g) followed by leaves (6.70 -5.02 mg/g) and the bark had the least (3.05 -1.49 mg/g). Roots from Kwale had the highest flavonoid content, while those from Wakiso had the least. Similarly, leaves from Mombasa had the highest flavonoids content, while those form Mukono had the least. The barks from Kwale had the highest content, while those from Jinja had the least. There was a significant difference (P =.05) in levels of flavonoids in the roots, bark and leaves. There was however no significant variation (P =.05) in phenolic content across the different regions. The P values are as shown in Table 2 .
Tannin Composition of Jackfruit Leaves, Roots and Barks from Different Regions
The tannin content from different tissues were as shown in Fig. 3 . The roots had the highest level of tannins content in all regions (3.88 -2.69 mg/g), followed by the leaves (2.56 -1.97 mg/g) and the barks had the least content (1.93 -0.52 mg/g). Roots from Kwale region had the highest tannin content, and roots from Jinja had the least. The highest tannins content were in leaves collected from Kwale region and the least were those from Mombasa. The barks from Kwale had the highest content, while those from Jinja had the least content. There was a significant variation at (P =.05) in tannin levels of roots, bark and roots. There was however no significant variation at (P =.05) in tannin levels in the different regions as shown in Table 2 . 
Comparison of Phytochemical Composition of Leaves, Bark and Roots of Jackfruit from the Different Regions
There was a significant variation at (P=0.05) in composition of phenolics, flavonoids and tannins in the Jackfruits within the same tissues. There was however no significant variation across the regions as shown in Table 3 . The roots had the highest composition of all the phytochemicals, followed by the leaves and the bark had the least. The variation in the different parts was much higher compared to those of the different regions as shown in Fig. 4 . A comparison of the phenolics, tannins and flavonoids composition in the roots, barks and leaves of Jackfruits in the different regions were as shown in Fig. 4. 
Overall Jackfruit Phytochemical Composition in Different Parts of Jackfruit Tree
The average phenolic content of the leaves, roots and bark were 35.18±2.33 mg/g, 65.56±3.05 mg/g and 23.59±8.84 mg/g respectively. The flavonoid contents of the leaves, roots and bark were 5.74 ± 0.68 mg/g, 8.73±1.3 mg/g and 2.24±0.67 mg/g respectively. The tannins contents, which were the least, included: 2.18±0.2 mg/g, 3.2±0.57 mg/g and 1.02±0.58 mg/g as shown in Table 4 . Overall, the 
DPPH Scavenging Activity
The percentage scavenging activity of the different extracts were as shown in Fig. 6 . The roots showed a significantly higher DPPH activity of up to 72.91±2.58%, while the stem bark showed the least DPPH scavenging activity of 24.39±1.86%. The variation in scavenging activity of the samples was significant at (P=.05), implying that there is a significant difference in scavenging activities of the leaves, roots and barks. The scavenging activity of the standards (ascorbic acid) was found to be 82%. In overall, the roots from all regions had the highest antioxidant activity, followed by the leaves, while the bark had the least activity as shown in Fig. 6 . The DPPH scavenging activity was found to increase, with increase in concentration in both the roots, bark and leaves as shown in Fig. 7 . The roots still showed the highest activity at different concentrations, followed by the leaves and then the barks. The IC 50 for the roots, barks and leaves were calculated using the equations of the linear curves shown in Fig. 7 . The IC 50 for the roots, leaves was and the bark was found to be 92.61 µg/ml, 425.83 µg/ml and 568.40 µg/ml respectively. 
Reducing Power Assay
The calibration graph for ferric reducing assay was generated, the R 2 value is 0.9917 and the equation for the graph is y = 0.0212x -0.224. The reducing power was found to be significantly high in the roots, with values of up to 123.21 ± 2.39 µg/ml, the leaves had values of up to 71.63 ± 4.07µg/ml. The bark on the other hand, had the least values that ranged from 31.47 to 54.16 µg/ml. The reducing powers were also found to be significantly different at (P=.05) for the leaves, roots and bark. The roots had the highest values of up to 123 ± 2.39 µg/ml. Followed by leaves, which were up to 71.63 ± 4.07 µg/ml and the bark had the least, which were up to 31.47 ± 0.88 µg/ml as shown Fig. 8. 
Correlation Matrix of Phenolic, Flavonoids, Tannins, DPPH and Reducing Power
A correlation matrix showing the inter-correlation between phenolic, tannins, flavonoid content, DPPH activity and Ferric reducing is as shown in Table 5 . The correlation between phenolic content and reducing power had a higher value compared to that of flavonoid, tannins and DPPH. The correlation between flavonoid content and DPPH scavenging activity also showed a higher correlation compared to that of phenolic and tannins. Phenolic compounds, flavonoid and tannin contents also showed a lower correlation with each other. Reducing power showed least correlation with DPPH compared to the rest, though the correlation values were still significantly high implying that the two are correlated. In general all the values were above 0.9 indicating high inter-correlation between phytochemical composition and antioxidant activities. 
Phytochemical Composition of the Jackfruit Leaves, Barks and Roots from Different Regions
The roots had the highest composition of phytochemicals and antioxidant activities, followed by leaves, and the barks had the least. This could be because, the roots are more exposed to the pathogens and microorganisms in the ground. The phytochemical compounds may therefore be higher in roots for 'self-protection' purposes against micro-organisms, predators and pathogens [5] . The difference in phytochemical composition was also found to vary in some regions. This may be attributed to difference in altitude of the regions. Altitude has been found to play a role in influencing the composition of the phytochemicals. The phytochemical composition has been found to increase with increase in altitude [23] .
The difference in phytochemical composition and antioxidant properties of the different parts, may also be attributed to genetic factors. The genes of some plants may tend to code for more phytonutrients in the roots, while others may express more compounds in the leaves and other parts [24] . This may explain why in all regions, the phytochemical composition of the roots was much higher compared to those of the leaves and the fleshy parts. In an environment, where there are many pathogens that affect the leaves, they are likely to have more phytochemical properties compared to the other parts [24] .
The phytochemical composition values, were much higher compared to those found in the seeds and fruits of Jackfruit from other studies. A study by Shanmugapriya et al. [11] , found the total phenolic and flavonoid content of the seeds to be 4.16 mg/g and 4.05 mg/ml in ethanolic extract. This could be attributed to the fact that the roots, stem bark and leaves, form the outer parts of the plant and are more exposed to micro-organisms, predators and pathogens [5] . The seeds on the other hand, are covered inside the fruit hence physically protected. They however also contain relatively high levels of phytochemicals that protect the plants from internal damage [25] .
The findings of the current study are consistent with those of Hossein et al. [18] , who found that the ethanolic extract of the roots of Azadirachta indica, a medicinal plant also had very high phenolic content of 123.81 mg/g. The study was also consistent with that of Eneji et al. [26] , who found that the levels of flavonoids and tannins, were higher in the root bark compared to the stem bark (twig) of Gongronema latifolium medicinal plant. The flavonoid content in the roots, were found to be 3.5 mg/g, while the tannins content was found to be 0.25 mg/g. The twig extracts on the other hand, had 0.52 mg/g of flavonoid and 0.24 mg/ml of tannins. The study also showed that the tannins levels were generally lower compared to the flavonoid content [26] . A study by Sylvie et al. [1] on three medicinal plant extracts Hymenocardia lyrata, Garcinia lucida and Acalypha racemosa, were however found to be inconsistent, as the levels of phenolic contents were found to be highest in the bark, followed by roots and then leaves. The phenolic content of the leaves was 169.782 mg/g, however the flavonoid content was consistent with the findings of this study, as the roots had the highest flavonoid content of 217.17 mg/g.
A study by Abu Bakar et al. [5] revealed that the peels of different Artocarpus species had significantly higher phytochemical composition compared to the fruit and seeds. The phenolic content of A. odoratissimus peel was found to be 42.38 mg/g, which was significantly higher compared to that of the seed, which was 13.72 mg/g and fleshy part, which was 3.53 mg/g. A study by Vinha et al. [27] , also showed that the plant peel of Persea Americana Mill had more phenolic and flavonoid content compared to the pulp. The phenolic and flavonoid content of the peels were 410 mg/100 g and 21.9 mg/100 g respectively. In the study the levels of phenolic compounds were also found to be significantly higher than those of flavonoid compounds, which is consistent with the findings of the study. These studies demonstrate that the phytochemical composition of different parts of the plant vary both within the same plant and from one species to another.
DPPH Scavenging Activity
The DPPH scavenging activity of the roots was found to be much higher compared to those of the leaves and barks. The roots had a DPPH scavenging activity of up to 72.91 ± 2.58%, while the stem bark showed the least DPPH scavenging activity of 26.48 ± 1.90%. The high DPPH activity of the roots can be attributed to the high composition of phytochemical compounds such as phenolics, flavonoids and tannins. The scavenging activity of the leaves, were also relatively high. The results are consistent with those of Slyvie et al. [1] , who also found that the roots of different medicinal plants exhibited more DPPH scavenging activity compared to the bark. The scavenging activity of the roots, barks and the seeds were found to increase with increasing extract concentration. IC 50 for the roots, barks and leaves were found to be 92.61 µg/ml, 425. 83 µg/ml and 568.40 µg/ml respectively. This shows that the roots, leaves and bark of Jackfruit tree are natural antioxidants.
Reducing Power
The reducing power of Jackfruit bark, leaves and roots were found to be up to 123.21 ± 2.39 µg/ml in the roots, 71.63 ± 4.07 µg/ml in the leaves and 31.47 to 54.16 µg/ml in the bark extracts. The roots were found to have the highest activity, followed by the leaves with the bark showing the least reducing power. This can be attributed to the fact that phytochemical compounds are powerful reducing agents and since the composition of phytochemicals is high in the roots, it is likely to have high anti-oxidant properties compared to the leaves and bark. The values are much higher than those found in the seeds of Jackfruit extracted in different solvents, which ranged from 10.13 to 13.12 µg/ml. This can also be attributed to the fact that the phenolics and flavonoids were much higher in the roots, barks and leaves from this study compared to the composition of the seeds in Shanmugapriya et al. [4] .
The
Correlation between Phytochemical Composition and Antioxidant Properties
The correlation matrix between phenolic, tannins, flavonoid content, DPPH activity and Ferric reducing power, showed that, there is a correlation between phenolic content and DPPH scavenging activity. The findings are similar to those of Vinha et al. [27] , who found a high level of correlation between phenolic content and DPPH scavenging activity. However the flavonoids showed a higher correlation with DPPH scavenging activity implying that plants that have high flavonoid contents are likely to have a higher radical scavenging activity. The findings are consistent with the study by Abu Bakar et al. [5] , which showed that there is a high level of correlation between phytochemical composition and antioxidant activities.
CONCLUSION
Jackfruit roots, bark and leaves have relatively high composition of phytochemicals and high antioxidant properties especially in the roots. The roots has the highest composition, followed by leaves and then bark. The distribution of the phytochemicals, also vary in the different tissues. The different parts of the plant can therefore be used as natural antioxidants. Future studies should focus on finding the genes responsible for the expression of phytochemicals in the leaves, barks and roots of Jackfruit.
